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(57) Abstract 

There is provided a pharmaceutical 
composition tor use in the improved up- 
take of therapeutic agents across mucosal 
surfaces which comprises a mixture of chi- 
tosau and a type A. eationic, gelatin, together 
with a therapeutic agent. The composition 
is pieferabiy in the form of microparticles. 
such as microspheres. 
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(UTI OS AN -GELATIN A M ICR OP ARTICLES 

This invention relates to novel drug delivery eoniposit ions which provide 
lor ihc improved uptake of therapetitie agents across mucosal surfaces. 

Polar drugs, including high molecular weight peptides, proteins and 
polysaccharides, are typically not effectively absorbed across mucosal 
membranes, such as the gastrointestinal tract, the eve, the vauina. the 
nasal cavity or the rectum. Such molecules are thus normallv onlv given 
In injection, which inevitably gives rise to well known problems 
associated with patient compliance, the cost of treatment, as well as the 
potentially harmful effects, such as phlebitis and pain, of the injection. 

is It is well known in the literature that the absorption of polar molecules 
across mucosal membranes may be greatly improved if thev are 
administered in combination with m oca I led "absorption enhancers" . 
[ixampies of absorption enhancers which have been described in the 
literature include non-ionic surfactants, cyclodcxtrins, phospholipids and 

2d bile salts. (For a review see Davis ei al (eds.). Delivery Systems for 
Peptide Drugs. Plenum Press. New York. 1^<S7; and Lee <cd). Peptide 
and Protein Delivery. Marcel Dekker Inc. New York. 

IDA <i23 ;o c ) and PP-A-122 02? describe powdery pharmaceutical 
compositions for application to the nasal mucosa, as well as methods for 
the administration of such compositions. The pharmaceutical 
compositions allow polypeptides and derivatives thereof to be eftectiveh 
absorbed through the naxd mucosa Similarly. 1'S -1 .22fi.N4 c > describes a 
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HKk ^ 'adhe^IV e properties 

borniulations based on microspheres t,,r mucosal delivery haw been 
describe! in WO 88 n91<v The i^rmuiati.Mis , -main certain enhancers to 
aid ellecuve penetration of the mucosa b\ th c ,j rU e wo 89 0320"* 
describes microsphere i< >rmulations winch do not require an enhancer. 

Chitosan is a derivative <>1 chitm or poh - Vacctv ID elucosamine in which 
the ereater proportion ol the N-aeetv] groups have heen removed through 
hydrolysis. It is available irom several suppliers including Pronova. 
Drammem Norway, and, depending on the erade selected, is soluble in 
water and/or aqueous acid up to pH values ol between 6.0 and 7.0. 

Chitosan has prcvuuisly been used to precipitate proteinaceous material 
and to make surgical sutures. It has also been employed previously in oral 
drug tormulations in order to improve the dissolution ol poorly soluble 
drues (sec Sawavanaei a aL Chcm. Pharm. Bull., 31 (1983m 2062-2068) 
or tor the sustained release ol" drugs by a process ot slow erosion Irom a 
hvdrated compressed matrix (Naeai a tiL Proc. Jt. CS Jpn. Semm. Adv. 
(dntm Chitosan Relat. Pnzvmes, 21-39. Zikakis J. p. fed.). Academic 
Press. Orlando, 1984). 

WO 90'09780 describes a composition comprising a drue and a 
polyealionie substance tc.e. chitosan} that promotes the transport ol the 
druc across mucosal membranes The composition mav also comprise 
microspheres ol the p< W veal ionic substance 



uictn- si !>a aomiuistc: :;is a \ >v, 
w huh the pi etc: red v 'mp. ^u i. >n ha 



WO 98/J02(F 



pc t/(;h9s/(mmos 



\\ ( ) ( Jfi (nMD dcsuibcs ,i umj)!vmi!p[] oMupiiMiig a p ! ] a 1 i n; lL u j (lL - ica 1 1 ■ 
acme o )inp< mud and particle*, pielcrahh powders or microspheres, o| 
chitosan <w a chitosan dcrivainc m salt, where- the pariieles are either 
solidified or partiall\ cross-linked such ihat ihev ha\e a /eta -potential of 
between r 0.5 and KsO mV. Solidified particles are made bv treatum 
particles made from a water soluble chitosan salt with an alkaline agent, 
such as sodium hydroxide, in non-acid containing water to render them 
insoluble. 



Chitosan microspheres have also been produced for use in enhanced 
chromatographic separation <Li (j. <■/ aL Biomater. Artit ('ells 
immobili/ation Bioieclmologv, 21 (1993) 391-398), for the topical 
delivery oi drugs (Machida Y.. Yakugaku Zasshl.. 113 (1993) 356-368), 
tor drug targeting after injection <Ohya Y ct aL J. Microencap. , 10 (1993) 
1-9). as an implantable controlled release delivery system (Jameeia and 
Jayakrishnan. Biomatcnals, 16 (1995) 769-775) and for the controlled 
release ol drugs (see Bodmeier R. a aL Pharm. Res.. 6 < 1989) 413-417 
and Chithanibara ci aL J. Pharm. Pharmacol.. 44. 1992. 2S3-2S6). 

EP 454044 and FP 486959 describe polyelccirolyte rnicroparticles or 
polysaccharide microspheres, including chitosan microspheres, for use in 
the controlled release ot drugs Chitosan microspheres crosslmked with 
glutaraldehvde have also been described in JP 339149. 

Cclatin is a purified protein obtained either by partial aeid hvdrolvsis dvpe 
\) or b\ partial alkaline hydroKsis u\pc 1C ot animal collagen. Tvpe A 
eclalm is canonic with an isoelectric point between pH \alties ol 7 and ^L 
whereas type B gelatin is anionic with an isoelectric point between pi I 
\ allies oi 4.7 and 5 ( .claim is known to swell and sotten when immersed 
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111 ■■ "" iilh -- '' ^ik-r. :.'iimi:.: a .v! .... cool.....: (.ela.m i- 

iiv,-u . : - .. i;.:cin.:.Maiu in smgicai pioccviiiic-. as all absorbable lilm 01 
-ponge. which win absorb many Mines its own weight in blood, h j s also 
empi.ned .. plasma mhsiiiuie. and may be us,-d in the preparation o| 
pastes, pasulics. suppositories, tablets and hard and soil capsule shells tor 
> >ral l> >nnii!atioii.s 

The production ot gelatin microspheres has been widely described in the 
iilerauire ( ,elatm microspheres have been produced by an emulsitication 
method unolving crosslmking with jiuiaraldchyde. prnciucinu 
microsphere, o! less than 2 uni m diameter i'labaia and Ikada. Pharm. 
Res. (, , 1989> 422-427). ( ortesi ci al dm. I. Pharm. 105 (1994) 181- 
186i. Nairu/zi ci al <J. Microencapsulation. II (1994) 294-260) and 
l-.sposiio n al dm. J. Pharm.. 117 ( 1 995 1 151-158) have reported the 
production ot microspheres ol a mean diameter of 22 urn using a 
coacervation emulsification method. Microspheres as produced by the 
latter processes were not crossimked. Microspheres ot a smaller si/e have 
been produced according to a similar method by hsposito ci ill (Pharm. 
Sci. Commun. 4 (1994) 239-240). The t\pe ot -elatin ( A or H) used in 
these studies was not specified. 



The production o| inierospheres by co.nplexaiion. between a negatively 
charged material such as alginate and ;i positively charged chilosan has 
been described in die lnerature. I or example, ['oik ei al. J. Pharm Sci.. 
83 ■ PJ94 , : 'n 18:" describes the production o| chitosan-akiinate 
mien- -pheres by the addition ol an alginate .oluiion m ;t volution ol 
chitosan and calcium miv, I he highest concentration o| chilosan used in 
ihe niicrospii,-,v formulations was 5.2'; u v. Similar!-. . the lonnation o| 
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u m 1 1 p K- \ . t >accr\ airs i >cl w ccw Mppusik i l\ l ha reed p< >i\ ions . namcl\ a 
posiin.ely charged chitosan and a negatively charged tvpc H gelatin has 
been described b> kcinunan Lope/, and Hodmeicr < Int. J. [Miami 135 
( ()3-72) These workers tumid die optimum chitosan.gelatm ratio io 

be in the range 1:10 to 1:20. The coacervate was obtained in a drv lorni 
l)v decanting the supernatant after centnlugation and drying at 60°C. 

We have now found, surprisingly, that nncroparticies, produced from a 
combination of a chitosan and a canonic tvpe A gelatin, possess 
particularly advantageous properties, which enable the improved transport 
of therapeutic agents, including polar drugs, across mucosal suriaces such 
as the nasal cavity. 

Thus, according lo a first aspect of the invention there is provided a 
composition comprising a mixture of chitosan and type A. canonic, 
gelatin, together with a therapeutic agent (hereinafter referred to as "the 
compositions according to the invention"). 

B\ "mixture ot chitosan and type A gelatin" we include anv composition 
comprising a chitosan. as defined hereinafter, and a type A gelatin, as 
defined hereinafter, whether a physical and/or chemical association 
between these two constituents exists or not. 

The term "chitosan" will be understood by those skilled in the art to 
include all derivatives ot chitin. or pol\ --N-acet\ 1-D-glucosaminc 
'including all polyglucosammc and oligomers of glucosamine materials 
ot diMereni molecular weights), m which the greater proportion ot (he 
N-acv:vl groups have been removed through hydrolvsiv We prelcr that 
the ciutosan has a positive charge 
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* lumsaii. chnoviu dciivai!\c- oi .aits n e mtraic. phosphate, ^uipliaic 
rodioJdnndc. cluiamatc. lactate i>r acetate xalts> o| chitosan may he 
used. We um' ihe term chitosan denvames to include ester, ether or 
oilier dcrnatives lonncd by hondine ot acvl and oi alk\l croups with OH 
groups, bin not the NIL groups, oi chitosan Lxamples are ()-alkv| ethers 
oi chitosan and O-acvi esters of chitosan. Modified clmosans. particularly 
those conjugated to polyethylene glycol, are included in this definition. 
Low and medium viscosity clmosans dor example ( LILv G210 and 
OLllm may be obtained from various sources, including Pronova 
Biopohmei. Ltd.. I K; Scigagaku America Inc.. MIX ISA. Meron 
(India) Pvt. Ltd., India; Yanson Ltd, YA. IS A; and A MS Biotechnology 
Ltd., i;K. Suitable derivatives include those which are disclosed in 
Roberts. Chuui Chemisnw MaeMillan Press Ltd., London <1992). 

The ehuosan or chitosan derivative or salt used preferably has a molecular 
weight of 4.0()f) Dalton or more, preferably m the range 25,000 to 
2. 000, 000 Dalton. and most preferably about 50.000 lo 700.000 Dalton. 
C/hitosans oi different low molecular weights can he prepared by 
enzymatic degradation of chitosan using chitosanase or bv the addition of 
nitrous acid. Both procedures are well known to those skilled in the art 
and are described in recent publications (Li et ah (1995) Plant Physiol. 
Biochcm. 77, 509-007; Allan and PevTon. (1995) Carbohydrate Research 
277, 257-272: Damard and Oartier, (1989) Int. J Biol Macromol. 11. 
297-302). 

Prcicrahh. the cintosan is water-soluble and may be produced from chitin 
b> deace(\ iation to a degree <d greater than 40 0'. prelerablv between 500 
OSO'. and moie preferably between "0'V and on',' Particular 
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The tern, "type, A gelatin" includes all anionic proteins which are. or mav 
he. obtained by partial acid l.vdrolvsrs of animal collagen, and excludes 
type B gelatins. 

Although the compositions according to the invention may' be prepared m 
a vanetv of physical forms usmg techniques winch will be well known to 
the skilled person, ue prelcr that ,l,e composition are in the form of 
microparticles. The term •-microparticles" includes microspheres, 
microcapsules and powders However, we prefer that the microparticles 
are microspheres. 

We have found, .surprisingly, that when the compositions according to the 
invention are provided m the form of microparticles. such microparticles 
retain a positive charge and mav prov.de for the improved transport of 
polar drugs across, or lor .he unproved presentation of vaccines to. 
mucosal surfaces, such as the nasal cav.ty, to such an extent that the ellect 
is superior to that obtained for a chitosan solution, or microparticles 
produced from chitosan or type A gelatin alone «e.g. soluble < spray dried, 
chitosan microspheres and ^eiatm microspheres). The effect is also 
similar to that obtained for partially aldehyde crosslmked chitosan 
microspheres, yet the compositions according „, {]]c invention are 
sufliciently hard/solid no, to require cmsslmk.ng . We have turthcr tound 
ma. the How properties ,„ these chitosan, type A ,elat„, micropariides are 
■superior to .hose „l spray dried chi.osau microspheres and crosslmked 
chitosan microspheres. 
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li'w :nicr.-. r ariKk- m.r. !v prepared i-. T „ ;i dmng. cmulsMtcano,,. 
M,Kcnl t "--»P ,, 'aiu.n. p.ccipuation ,n other m.-ih- .,K known i,. pcrM „, 
skilled in the an. 1 he therapeutic agent .an he incorporated mi- the 
niiLiopaiiiclcs dmmg then production ..r sorbed onto the micmparticles 
alter their nt, 'duction. 



When die compositions according i,, the .mention are in the lonn of 
microsphere, they may he prepared using tor example either 
cmulsiiicaiion or spray r\ in u techniques. 

When microspheres are prepared In spray drying, a warm mixture of 
clutosan and type A gelatin is spray dried with instant cooling of the 
resultant microspheres. The therapeutic agent may he incorporated by 
adsorbing onto the .surface of the microspheres by freeze drying or spray 
drying a suspension of the microspheres w ith the therapeutic agent, or by 
phvsieallv or mechanically mixing die dried microspheres with the 
therapeutic agent . 

However, we have lound that microspheres may advantagcousl v be 
prepared by warming a solution ul a chitosan mixed with type A gelatin, 
which is then emulsified and gelaled by cooling. We have found that, in 
particular, microspheres prepared in accordance wnh this technique 
exhibit the advantageous properties relerrcd to hereinbefore. 



lu die emulsilication technique, die elntosan ma\ he dissolved in water 
and mixed with type A -•.claim under heating to -10 (' eausim: die -claim 
lo melt This mixture may he emulsified, at a temperature above Hi 
meltme po.nt o| the gelatin, m an organic medium <e.e a vegetable oil. 
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such as siinliowci ml. so\a oil, lmudi) seed mi m coconut oih. m the 
presence dI an cmulsilier with a low hvdrophiiic lipophilic balance (IILH) 
value. Such emulsifiers, which arc useful lor stabilising water-m-oil 
emulsions, are known to those skilled in the art (eg Span 80). The 
microspheres may then be solidified by decreasing the temperature of the 
emulsion lo below 10' C with stirring. The microspheres may then be 
harvested using conventional techniques, tor example bv adding a 
pharmaccuncailv acceptable organic solvent, e.g. chilled acetone or 
petroleum ether, to the emulsion, centrifugation. washing and drying. 
The therapeutic agent may be incorporated into die microspheres hv 
adding it to the chuosan/ gelatin mixture before emulsil ication 
Alternatively, the therapeutic agent may be adsorbed onto the surface of 
the microspheres by freeze drying or by spray drying a suspension of the 
microspheres with the therapeutic agent, or by physically or mechanically 
mixing the dried microspheres with the therapeutic agent. 

Thus, according to a further aspect of the invention there is provided a 
drug delivery composition in a form suitable for administration to a 
mucosa comprising a therapeutic agent and micropartielcs made from a 
mixture ol chuosan and type A gelatin and where the agent is either 
incorporated into the particles during production or is adsorbed to the 
surface ol the particles, or is present as an admixture. 

Microcapsules and powders may be made hv modilving the process as 
defined herein in accordance with techniques which are well known to 
those skilled m the art. or may he prepared in accordance with other 
techniques which will be well known to those skilled in the art. including 
double cinulsihcation processes 
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piepapuiop >»I a o unpoxu ion accordinc m die mi. which pp-cc 

^mpnM- preparation ..I i\ A eclaim chip^m n:iai.p;irtic|p <i 
nncropariicles comprising a mixture o( t\ pe A eclatm and chitosain In 
process m spra> drying ,.r h> cmulsiticaiioip winch cmulsil icau, ui m 
comprise warming a solution oi a chitosan mixed with t\pc A eeiati 
cnuilsilication and relation hv cooling. 



khc How properties ol die mtcropai tides can be measured by methods 
known to those skilled m the art. One possible method involves the 
measurement ot the Hausner Ratio where a known wenaht oi material is 
poured into a measuring eylinder and the volume recorded. I he cylinder 
is then tapped against a surface a specified number oi times and the 
volume again recorded. The poured and tapped densities are then 
determined and the Hausner Ratio - tapped density, poured density 
calculated. A ratio ot < 1.25 indicates a tree flowing material while a 
ratio of >1.5 indicates a poor flowing (cohesive) material. Another 
possible method involves the measurement the Anele ot Repose hv 
pouring material through a tunnel held ai a tixed height onto a piece ol 
graph paper until a cone is lormed. The height (II) and the radius < R j ot 
ihe cone is determined and the angle calculated (tan 0 - II/R). An Anedc 
ol Repose 0 < 300 indicates good How properties while an Anede ok 
Repose 0 ■ 400 indicates very poor How properties (James I Wells. 
Pharmaceutical Rreior mukuiom Pdlis Norwood Series m Pharmaceutical 
keclmok >g\ , 1 ( )H8 ) . 

Vhc «>f" the inicmj^inick'y which include- microcapMilc- and 

especially microsphere-, p- pie1erah|\ in the ranee 1 !o 2' >0 urn. !nnIV 
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pretcrahlv I to 100 un. as mcasincd b 
fractionation. 

'I he imcroparticlcs will consist of prelerablv between SO and more 
preferably between 70 and WV and most prelerablv between 75 and 85 '7 
ot type A gelatin, and correspondingly between ri() and V7 , preferably 
between 30 and I0'7 and most preferably between 25 and \5 { 7 of 
chitosam as measured in relation to the total amount of gelatin and 
chuosan in the final composition (i.e. excluding therapeutic agent and 
other ingredients which may be included! 
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The term "therapeutic agent" includes drugs, genes (I)NA> or gene 
constructs, vaccines and components thereof (for example isolated 
antigens or parts thereof) and monoclonal antibodies. For applications 
employing such materials as genes, gene constructs, vaccines and 
monoclonal antibodies, the microparticles can be used to enhance the 
delivery of the therapeutic agent into the mucosal tissue for enhanced 
therapeutic effect, for example presentation oj an antigen io the underlying 
lymphoid tissue, and/or transtection of the cells in the mucosal lining. 

Preferably the therapeutic agent is a polar drug. Hv "polar drugs" we 
mean molecules with a partition coefficient (octanol - water system) of less 
than 50. 



I he compositions may be used with therapeutic agents selected irom the 
following non-exclusive list: insulin. PTII 'parathyroid hormone). PTII 
analogues, PTHrP (human parathyroid horm mic peptide), calcitonins (for 
example porcine, human, salmon, chicken ..i eel) and synthetic 
modifications thereof, enkephalins. LHRI1 iincuuMne hormone releasing 
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•■ o:ii ' r: " M!: - aiovsdi hormone, iicp- mm. i iHR| I hormone 
rclcaMnc hormone;. ( X'K .cholcc\ aokium . I'M I- . (hymic humoral 
lacton. CCiRP icalcitonm pene related peptide.-, atrial natriuretic peptide, 
in I ed in inc. metoclopramide. creotaminc. pi/on/m. pentamidine and 
vaccines <par Ocularly hut not limited (,. AIDS \accincx measles vaccines, 
rhmovirus Type 13 and respiratory syncytial virus vaeeines. mtluenza 
vaccines, pertussis vaccines, meningococcal vaccines, tetanus vaeeines. 
diphihena \aeemes. eholera vaccine-, and I)\ A vaccines (e.e. one 
omiaiinne a piasmid DNA codme n-r a suitahle antigen)'. 

burthcr therapeutic agents include hut are not limited to: anuhioiies and 
antimicrobial aeents. such as tetracycline hydrochloride, leueomycm, 
penicillin. penicillin derivatives, erythromycin, sulphatliiazole and 
nitrolurazone; anii-miuraine compounds, such as naratnpian, sumatriptan, 
almtidan or other 3-HT1 agonists; vasoconstrictors. such as 
phenylephedrine hydrochloride. fctrahvdn >/oline hvdrochioride. 
napha/olme nitrate, o\ vmeta/.oime hvdrochioride and trama/olme 
hydrochloride; cardiotonics, such as digitalis and diyoxin; \ asodilators. 
such as nitroglycerine and papaverine hydrochloride; bone metabolism 
controlling agents, such as vitamin \) and active vitamin D3; sex 
hormones; hypotensives; anti-tumour agents; steroidal anti-inflammatory 
agents, such as hydrocortisone, prednisone, ihiticasone. prednisolone, 
triamcinolone, triamcinolone acetomde. dexamethasone. betamethasone, 
bech »mcihast >ne and bech unci ha so nc dipropi. mate; no n- steroidal anti 
inllamniah <ry agents, such as aceiamim iplien. aspirin. amm< >pyrme. 
phen\ ihuia/onc. mcianic acid. ihuproteii. diclolenac sodium, 
mdt uneihacin. c< >ichicuic and probenecid. en/\ malic ana i iutlammati )rv 
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agents, '.ucli .o> ui\ in« mi \ pmii ti iui bioinciam ^ cratiopcpiidasc; anti- 
histamine agents, such as dephenin drainmc h\ dn >chIoride. 
chlorpheniramine maicatc and clemastine; anti-tussivc-expeciorants, such 
as codeine phosphate and isoproterenol hydrochloride; analgesics, such as 
opioids dike diainorphinc. morphine and its polar metabolites, such as 
moi phine o-ghicuromdcs and morphine ^-sulphate ). anti-emetics, such as 
ineioclopramide. ondansetron, chlorpromazinc: drugs tor treatment of 
epilepsy, such as clonazepam; drugs tor treatment of sleeping disorders, 
such as melatonin; drugs for treatment of asthma, such as sAlbutamol. 

in 

< .'onibinauons of the abovenieniioned therapeutic agents niav be employed. 

The compositions according to the invention may be administered orally, 
nasally, vaginally, buecally. rectally, via die eye. or via the pulmonary 

15 route, in a variety of pharmaceutical!}' acceptable dosing forms, which will 
be familiar to those skilled in the art. For example, compositions mav be 
administered via the nasal route as a powder using a nasal powder device, 
via the pulmonary route using a powder inhaler or metered dose inhaler, 
via the vaginal route as a powder using a powder device, formulated into a 

2n vagina suppository or pessary or vaginal tablet or vaginal gel. via the 
buccal route formulated into a tablet or a buccal patch, via the rectal route 
formulated into suppositories; via the eye in the form of a powder or a drv 
ointment; and via the oral route in the form of a table!, a capsule or a pellet 
uvhich compositions mav administer agent via the stomach, the small 

:^ intestine or the colon), all ol which may he lormulaied in accordance with 
techniques which are well known to those skilled in the art. The 
compositions may gel on the mucosa at least to some extent and this mav 
laeilitate retention ot the composition <»n the mucosa 



WO 98,3020" 



l'( 1 (,»*»S 00 I OS 



picieiicu 1 acimm; imu-.ii - he', k e v.lnji ma\ be 

u-ed to dcli\ei lJ m- compo>nions according to die iir.ciin.iii na>all> uiJiide 
(lie hired Halci \ the Hespah poudcr device, the MoiiMpoudre - i Yaloisi 
and the Insut llator ■ < Tcijin ) 

Compositions according to the imcntion which may he administered orall\ 
may he adapted to deliver therapeutic agent to the small intestine or the 
colonic, especially the proximal colonic, region ot (he gastrointestinal tract. 

PreterabK . a means is provided to prevent release of therapeutic auent until 
die lorniulaii* »n reaches die small intestine or colon. Means which may he 
employed m order to prevent release until the small intestine is reached are 
well known to those skilled in die art (see tor example dosage forms coated 
with so-called enteric polymers that do not dissolve m the acidic conditions 
which exist in the stomach, but dissolve in the more alkaline conditions 
lound in the small intestine of a mammal. Suitable enteric coating materials 
include modified cellulose polymers and acrylic polvmers. and in particular 
those sold under the trademark kudragn ) Means which mav he employed 
m order to prevent release until the colon is reached are well known to those 
skilled in the art. Such materials include cellulose acetate tnmellitatc 
(CAT), hvdroxvpropylmethyl cellulose phthalate ( HPMCP). poivvinvl 
acetate phthalate (PVAPk cellulose acetate phthalate (CAP) and shellac, as 
described by Healy in his article Mmteric Coatings and Delayed Release". 
Chapter 7 in Druu Delivery to the (uisiroinicstinal 7/v/r/, eds. Hardy el aL 
Plhs Horwood. Chichester. 1989) Especially prelerred materials are 
methylinethacrylates or copolymers of mcthacrvlic acid and 
mcthylmethacrvlatc. Such materials are a\ailable as FaidraLMt f enteric 
polymers (Rohm Pharma. harmstadi. Cermam i. Such a coatme ma\ als<> 
suitably comprise a material which is redox- -sensitive use a/opolvmers 
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lor example. consiM <>i a rainlt 



ui copolymer oi stvrcnc and 



livilmw vih\ I methaciA late, cross-linked with divinvlazoben/enc svnthcsised 
h> iree radical polymerisation, or disulpludc polymers (see 
P(T BI;91 OOOOh and \'an den Mooter. Int. .!. Phann. S7. 37 ( 1992)). Sec 
also International Patent Application WO 97-05903. 

It will he appreciated by those skilled in the art that the site of delivery may 
also be selectively controlled by varying the thickness of certain of the 
abovemenuoned polymer coatings. 

It will he well understood by those skilled in the art that lurther cxcipients 
may be employed in formulations comprising the compositions according to 
(he invention. For example, in solid dosing forms, further cxcipients which 
mav be employed include diluents such as microcrvstallinc cellulose <e.<i. 
Avicel \ FMCh lactose, dicalciurn phosphate and starchtes); disintecrants 
such as microcrvstallinc cellulose, starch(es) and cross-linked 
carboxvmethylcellulose; lubricants sue!) as magnesium stearate and stearic 
acid; granulating agents such as povidone; and release modifiers such as 
hydroxypropyl methylcellulose and hydro\ \ propyl cellulose Suitable 
quantities of such cxcipients will depend upon the identity of the active 
ingredient! s) and the particular dosing form which is used. 

If desired, other materials mav be included in the composition, for 
example absorption enhancers Suitable absorption enhancers include non- 
ionic surfactants, cyclodextrins. bile salts and. prelerablv. phospholipids 
such as lysophospha i idyl choline. 1\ st >ph< isphaiuh h:l\ ccrol and generally 
those tncniioncd in W'O XS '09103 
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tl ' - luiiiK-: a.pv.; Uk- ur.cniiv.u. :i,e:e ;. iv-i^u . ; 
pharmaceutical n-rmulathai m a Mmi >mtahic n>i admmiMi .ar mi |m a 
mucosal .surface which comprises a composition according to the imeiilion 
in a pharmaceutical!}- acceptable dosage lorm. 

Compositions according to the invention have been tound to have the 
advantage that they provide improved transport ol polar drugs across 
mucosal surfaces, sueh as the nasal cavity, have improved How properties 
when compared to prior art compositions, and avoid the need lor the use 
ol chemical crosslinking agents. 

According m a further aspect ot the invention there is thus provided a 
method tor die unproved transport ot therapeutic agents across (or into) 
mucosal surfaces (which includes the presentation ot vaccines to mucosal 
surfaces) m mammals, and a method ot treating a human or other mammal, 
which methods comprise administering a composition, as described above, 
preterably to a mucosal surface ol that human or other mammal, tor 
example the vagina, buccal cavity, rectum, lungs, eve, colon, small 
intestine, stomach or nasal cavitv. 

The amount ol therapeutic agent which may be emplovcd in the 
compositions according to the invention will depend upon the agent which is 
used. However, it will be clear to the skilled person that suitable doses ol 
therapeutic agents can be readily determined non-m\ cntivch . Suitable 
doses are m the range 1 ug. to 1 g depending upon the therapeutic agenus) 
which is are employed and the route ot administration. 

1 he invention is illustrated, but m no vvav limited, in the !dlimm L ' 
examples with reference to the ligures in which: 
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Figure i shows die mean plasma glucose; time curves alter administration 
to sheep ol 2 Il'.kg insulin m gelatin microspheres ami in uciatm/chitosan 
microspheres containing either 9.6V/ or 19. 2S''/ ( i2 1 0 chitosan dutamate. 

Figure 2 shows the mean plasma msulin/time curves alter administration 
to sheep of 2 IU/kg insulin in gelatin microspheres and in geiatm/chitosan 
microspheres containing either 9.6'// or 19.28',; G210 chitosan elutamate. 

Figure 3 shows the mean plasma calcium time curves alter administration 
to sheep ol 20 II ; kg salmon calcitonin in celatm microspheres and in 
geiatm/chitosan microspheres containing either 39.9'/ (ill() or 19 9 f V 
G210 chitosan glutamate. 

Figure 4 shows the mean plasma msulin/tnne curves alter administration 
to sheep ol 2 IU/kg insulin m 0.5% chitosan solution (G210) and in 
gelatin chitosan microspheres containing 1 9.28 '/ G2I0 chitosan 
glutamate. 

I : igure 5 shows the mean plasma insulin/tune curves alter administration 
to sheep ol 2 IU/kg insulin with chitosan powder (G2I0) and in 
gelatin, chitosan microspheres containing 1 9.28 '/ G2 10 chitosan 
glutamate. 

Figure 6 shows the mean changes m [Hasina PTH concentration tor a 
PTH gelatin chitosan microsphere lormulation (PTH (411 GFR) as 
compared to a formulation comprising PTH ' alone) in saline (PTH sol) 
and PTH with chitosan glutamate (PTH GUI Soh. 
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microsphere^ s ' »mpr IMI1C dlllereill ;uili»UIlts ir.siiln; 

1 leurc S shows the eilcct ol repealed administration ol gelatin chitosai 
microspheres on plasma insulin lc\ c! . 

hxample i 

Prepa ration of Microspheres Containin g Insulin, N6 ,7' / w/ w 

(icla tm A a n d C M> ( 7 w w ( hitosan ( iluta ni;ii^^tjrMn__(^^ [Oj 

me ehnosan glutamate was weighed into a 50 m L tweaker and IS m L 
<u watci was added and stirred until dissolution occurred. 1 A O me ol 
gelatin A (Sigma> was added to the ehnosan solution and stirred at 40 ( 
until dissolution occurred, The pH of the solution was adjusted to 4 bv 
adding an appropriate amount ol 1M HO. 72 mg of human zme insulin 
< 1 -S niL ol a 40 mg/mL insulin stock solution) was added to the 
gelatin, chitosan solution, which was transferred (o a 20 ml. volumetric 
flask and water added tip to volume. 



2 g ol Span 80 was weighed into a metal beaker. 200 ml., ol sunflower oil 
was added and the mixture warmed i>> 40 (A The 40 C C 
msulimgelalimchitosan solution was added and emulsified at 1000 rpm lor 
5 minutes using a Heidoiph stirrer fitted with a four blade stirrer arm 
maintaining the temperature at 40 (A 1 he beaker was transtcrred to an 
ice bath and stirring continued at 1000 rpm until the temperature had 
dropped to below 10 (\ The stirring speed was reduced to 500 rpm, 150 
ml. of chilled acetone was added to the emulsion at 5 inL/niin. and the 
mixture was then ccntrifueed at 2500 rpm in centriluee tubes lor 10 mm. 
I he supernatant was discarded and the pellet iesuspended m 50 ml. 
acetone The microspheres were recovered b\ vacuum liltration and 
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washing with turthcr 5n nil. ol chilled acetone. The tiller cake was 
allowed to el i \ and die microspheres placed m 5<) ml. of acetone in a 
screw capped bottle containing a magnetic stirrer and stirred overnight. 
The microspheres were vacuum filtered and dried m a desiccator. 

Example 2 

Preparation of Micro sp heres Containing 3.b f 7 w/w Insulin. 77.12/? w. w 
gela ti n A and l ( ).2S f 7 w/w Chitosan Cdu tam ate (Sea C tire ( i210) 
386 mg of chitosan glutamate was weighed into a 50 ml beaker, 15 mL of 
water was added and the resultant stirred until dissolution occurred. 1542 
mg ol gelatin A was added to the chitosan solution, which was then stirred 
at 40' C until dissolution occurred. The pH of the solution was adjusted to 
4 by adding an appropriate amount of 1M HCl. 72 mg of human zinc 
insulin 0.8 mL of a 40 mg/mL insulin stock solution) was added to the 
gelatin/chitosan solution, which was then transferred to a 20 mL 
volumetric flask . and water was added up to \olume. 



2 g of Span 80 was weighed into a metal beaker, 200 ink of sunflower oil 
was added and the mixture warmed to 40°C\ The 40°C 
o insulm/gelatin/ehuosan solution was added and emulsified at 1000 rpm lor 
5 minutes using a Heidolph stirrer fitted with a four blade stirrer arm 
maintaining the temperature at 40' C. The beaker was transferred to an 
ice bath and stirring continued at 1000 rpm until the temperature had 
dropped to below 10 (\ The stirring speed was reduced to 500 rpm and 
150 ink of chilled acetone was added to the emulsion at 5 mk/mm which 
was then centnluged at 2500 rpm in centrifuge tubes lor 10 mm. The 
supernatant was discarded and the pellet resuspended in 50 ml acetone. 
The microspheres were recovered by vacuum filtration and washed with 
turther 50 mk ol chilled acetone. The tiller cake was allowed to drv. the 
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; :1 u 1 ' ' T' K;I e - I Tic'cd Hi .^o I j i i , ; lU ,■[■-: :;i A 

■ ■ ■ : n . 1 1 1 1 n k ■ a imc:ncik Miner ar.i mwtco <ocMucnf 
were •■.;luuiii tillered and dried mi ;t ikM,\\n»>f 

i AAlUULh2_e 
lYeparanon j2TjV2Lle^ 

l S( ^T j^.^ld^_,u ..Ay„iicl;UiiL X^\J^±^_y^v_(J\ Hosan ( ihita male (Se a 
( du e ( i 1 10) 

7t )S mg chitosan giutamatc <G110) was weighed into a ^O'niL beaker. 15 
ml. of water was added and the resultant stirred until dissolution occurred. 

1 I ( >S me ol gelatin A was added to the chitosan solution, winch was then 
Mirred at 40 C until dissolution occurred The pH oi' the solution was 
adjusted lo 4 by adding an appropriate amount ol 1M HC1. 20.000 II; ol 
SC.'T 0)2)1 mL of a 4 mg, ml. SCT stock solution) was added to the 
gelatin chitosan solution which was transicrred to a 20 ml. volumetric 
flaj-k, and water was added up to volume. 

2 g ot Span SO was weighed into a metal beaker. 200 ml. of sunflower oil 
was added and the mixture warmed to 40 ( 2 The 40 r 
SCT gelatmchitosan solution was added and emulsified at 1000 rpm for 5 
minutes using a Ileidolph stirrer fitted with a lour blade stirrer arm 
maintaining the temperature at 40 (2. The beaker was transferred to an 
ice bath and stirring continued at 1000 rpm until the temperature had 
dropped to below 10 (2 The stirring speed was reduced to 500 rpm. 150 
mk. oi chilled acetone was added to the emulsion at 5 mL mm which was 
(hen cenirifuged at 2500 rpm in centrifuge tubes for 10 mm. The 
supernatant was discarded and the pellet resuspended in 50 mL acetone 
Ihe microspheres were reco\ered hy vacuum filtration and washed with a 
further 50 m L ot chilled acetone 1 he tiller cake was allowed to drv and 
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the microspheres placed Hi *mj ml. oi accioiie in a htcu Lapped bottle 
containing a magnetic Mine: and Mined o\ernieh( The microspheres 
were vacuum lihered and dried in a desiccator. 

bxam ple 4. 

1 Reparat ion ) f M icros phere s I Vm I a in mj; __0 ^2[7_ w -w SGT. 79 .9 r ; w/w 
Gelatin A a nd I 9.9 ' 7 w/w ( dn tosan Gluiam ate (Sea Cure G210) 

398 inii chitosan glutamatc (G210) was weighed into a 50 niL beaker, 15 
inL ol water was added and the resultant mixture stirred until dissolution 

n» occurred. 1598 mi: ol gelatin A was added to the cimosan solution, which 
was stirred at 40' C until dissolution occurred. The pH ot the solution was 
adjusted to 4 hy adding an appropriate amount of 1M HC1. 20,000 III ot 
SCT (0.91 inL of a 4 mg/mL SCT stock solution) was added to the 
gelaiin/chuosan solution, which was then transferred to a 20 mL 

is \olumeinc flask and water was added up to volume. 

2 g of Span 80 was weighed into a metal beaker. 200 ml. ot sunflower oil 
was added and the mixture was warmed to 40 n C. The 40°C 
SGT - gclaturchitosan solution was added and emulsified at 1000 rpm for 5 

:»> minutes using a Heidolph stirrer fitted with a four blade stirrer arm, 
maintaining the temperature at 40 C C. The beaker was transferred to an 
ice bath and stirring continued at 1000 rpm until the temperature had 
dropped to below 10'T.\ The stirring speed was reduced to 500 rpm, 150 
ml. ol chilled acetone was added to the emulsion at 5 mL/min which was 
then centnttigcd at 2500 rpm m centrifuge tubes tor 10 mm. The 
supernatant was discarded and the pellet resuspended m 50 ml., acetone. 
The microspheres were recovered by vacuum filtration and washed with a 
further 50 mL of chilled acetone 1 he Miter cake was allowed to div and 
the microsphere^ placed in 5't ml. ot acetone m a screw capped bottle 
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were \acuum iiltcrce .md d;icd i;i tl 
I- \ample _5 

The insulin chito.san ^eiaim microsphere >rniuiations trom L\ampies I 
and 2 were administered nasalL to sheep and the elteet of [he formulations 
was compared to the elteet oi admmistcnne insulin m gelatin A 
nuer \ spheres. 

The insulin - eelatm microspheres were prepared in the lollowim: way: 
me eeiaun A was added to i4 111L .-I water in a 50 mL beaker and 
iieated under stirrme at 40 ( until the eeiatm had dissolved. The pll ot 
the uelatm solution was adjusted to 4 usme 1M HC1 and an equivalent oj 
72 nig of human zinc insulin (1.8 mL ot 40 ing/mL insulin stock solution > 
was added to the solution The solution was transferred to a 20 nil. 
volumetric flask and made up to volume. 2 y ot Span SO was weighed into 
a metal beaker, 200 mL ot sunflower oil was added and the mixture 
wanned to 40 ( \ The 40 "C insulin eelatm solution was added and 
emulsified at 1000 rpm for 5 minutes usine a Heidolph stirrer fitted w ith a 
lour blade stirrer arm, with the temperature maintained at 40 C. The 
beaker was transferred to an ice bath and stirriny continued at 1000 rpm 
until the temperature had diopped to below iO'T. The stirring speed was 
reduced to 500 rpm and 150 mL ot chilled acetone was added to the 
emulsion at 5 niLiiiin The emulsion was ccninfuyed at 2500 rpm in 
cemrituye tubes lor 10 nun., the supernatant discarded and the pellet 
resuspended m 5< ) mL acetone The microspheres were recovered In 
vacuum filtration and washed with further 50 ml., ot chilled acetone. The 
ohei cake was allowed to dr\ and the microspheres were placed m 50 mL 
<>t acetone in a screw capped bottle containing a magnetic viirrci and 
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Hadi of the microsphere formulations were administered nasalK ,o „o U ps 
of live sheep using bluelme sdicomsed tubes at an insulin dose o| 2 II!/ k , 
and a m.erosphere dose of 2 0 »,,!,:. Blood samples were collected a, 
specified time points from the cannulated external nuuiar veins and 
plasma glucose and insulin concentrations measured. The mean chances 
in plasma glucose concentration with time for the three formulations are 
>l"nvn in Figure 1. It can be seen that insulin ,,ven nasallv ,„ 
combination with gelatin microspheres d.d not result u, any significant 
lowering of the plasma glucose levels <C,„ ]n = y 5 .9^ » whereas the 
formulations containmg 9.6'? chitosan and 19.28V; chitosan gave glucose 

lowering effects of C mm = 74.6% and C, = 53.8% of basal level. 

respectively. The corresponding plasma insulin levels lor the three 
formulations are shown in Figure 2. It can be seen that < , for both the 
chitosan/gelaim microsphere formulations (131.6 mU/F and 439.7 mU/L 
,0r " 1C 9 6/86 - 7 ' 7 ;tnd l^-28/77.12V« clmosan/gelatm microsphere, 
respectively, were significantly higher than the C„ m . seen tor the gelatin 
microspheres (53.5 mU/L). 



Fxamplc 6 

The calcitonin<h,tosau/geiatm microsphere formulations described m 
Fxample 3 and 4 were administered nasallv to sheep and the elfect of the 
formulations compared to the elfect o| administering calcitonin ,n gelatin 
microspheres. 

The calcitonin - ydaiin microspheres were prepared in the lollmving wav: 
199h , n g gelaiin A uas added to |S „,F ,,| waier m a 50 ml. beaker and 
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m - eeCMUi autr ■!! W . :v :;i;si Cv i j, 

2o.oom I( ■ ,m saini-.n _;Ln t!m ji Mi <j 
u;h added to die M.hiihMi The 
\ oiumetric tla>k and mac;c up to \ , .| 
a metal beaker. 2ou i:d. . »i sunlf 
v armed i. » 4( ) ( \ 



: limine i M H( i t ,:id aii cuur. aicnt * a 
^ mi -t -i me inL M T ^iuiion, 
■"lution was iran^lcrrcd to a 20 ml. 
'-inc. 2 e mi .Spa n sa i u ;iv ^ eiehed into 
>wer oil was added aiki die mixture 



The 40 (/ m.siilm exclaim solution was added and emulsified ai 1000 rpm 
lor 5 minutes usine a Hcidolph stirrer luted with a lour Made stirrer arm. 
with die [empeiature in. untamed at do C The beaker uas iranst erred to 
an ice bath and stirrine cominued a: 1000 rpm unni the temperature had 
dropped to below 10 ( The stirrme .speed was reduced to 500 rpm and 
150 ink oi chilled acetone was added to the emulsion at 5 mL/min. The 
emulsion was cciurilueeu at 2500 rpm m centrifuge tubes lor 10 mm., the 
supernatant was discarded and the pellet resuspended in 50 mL acetone. 
I he microspheres were iccovered by vacuum nitration and w ashed with 
further 50 mL of chilled acetone. The filter cake was allowed to dry and 
the microspheres placed in 50 mL, of acetone in a screw capped bottle 
containing a magnetic stirrer and stirred overnight. The microspheres 
were \acuum filtered and dried in a desiccator. 



I:ach of the microsphere formulations were administered nasallv to croups 
*d live sheep usine blueimc siiiconised tubes at an SCT dose of 20 IU ke 
and a microsphere dose <n 2 004 me ke [Mood samples were collected a( 
specitied time points :van the cannuiated external meuiar veins and 
plasma calcium concentrations measured. The mean chances m plasma 
calcium conccniranon with time lor the three formulations, are shown m 
I ' 1 - LiIV ^ 11 he --en that NC I civen nasalh in combination with 



WO 98/30207 PCT/<;B98/00 ION 

■.•claim microspheres <>nl\ icsuitcd m a minimal f>wcium of the piasnia 
calcium levels <( . . whereas die t< nmulations containing 

.^4)4 CUO clutosan and 1*>.^'V C2M> chitosan ^a\e calcium lowering 
effects of C ;;1|;1 - 73. 64 and ( 74. 7''/ of basal level, respectively. 
There was no significant difierenee between the effects obtained tor the 
W. ( r7 CI 10 and 19.9'V (42 1 () clutosan levcN m the gelatin microspheres. 



fixamplc 7 

The insulm-chitosan gelatin microsphere formulation ' described in 
Example 2 was administer ed nasally io sheep and the effect of the 
formulation compared to the effect o| administering insulin m a simple 
chitosan solution. 



The microsphere formulation was administered nasally to a uroup of five 
sheep using bluelme silicomsed tubes at an insulin dose of 2 IU/ku and a 
microsphere dose of 2.0 mg/kg. As a comparison, a solution of 200 
lU/mL insulin in 5 mg/ml, C210 clutosan glutamate solution was 
administered nasally at 2 M ' k g to a croup oi tour sheep. Blood samples 
were collected at specified time points loan die cannulated external 
jugular veins and plasma insulin concentrations measured The mean 
changes in plasma insulin concentration w ith time for the two formulations 
are shown in Figure 4 It can be seen that the plasma insulin level is 
significantly higher for the eclatmdiitosan microsphere formulation (("',.. 
- 450 ml'.ij as compared to the clutosan Cution formulation (C, :n - 
100 mC 1.) 



t:\ample S 

I he msulm-ehttosan gelatin mien tsphcre >rniulaiiou described in 
Iwample 2 was administered nasalk io ^heep and the effect ot the 
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1 he -chiiin chitosan microsphere formulation was administered nasally to 
a -roup i ^ i ;i\c sheep using hluelmc silicomsed mlv^ ai an insulin dose of 

2 U' kg and a microsphere dose ot 2 o mo, p. Xs a comparison. a 
mixture oi o4() II insulin with 800 mg (420) dutosan ehitamate was 
administered nasally at 2 H_\ kg to a group oi four sheep at 2 IUk^ 
Blood samples were collected at specified lime points from the eannulated 
external jugular veins and plasma insulin concentrations measured. The 
mean changes in plasma insulin concentration with tune tor the two 
formulations are shown in higure 5. It can he seen that the plasma insulin 
level is .significantly higher tor the gelatin chuosan microsphere 
formulation <C :)liv - 450 inU/Ij as compared to the chitosan powder 
tormulation <C [:uy - 250 nihdj. It should also he noted that the amount 
ot chitosan administered in the two Iormulations is much higher for the 
chitosan powder lormulation than lor the gelatin chitosan microsphere 
tormulation. 



1 - xample 9 

preparation of Microsphe res (\>ntajnn^iJj_421_u v^JilH L_I2T92 '7 w w\ 
(JMklsaiLCiklt: \ mate ( S ea Cure 210) and 79 <s_,X wv_ Cc lay n_A 
( T28 mg ot PTII was added to 20 mL ol a solution containing 400 mg 
chitosan glutamate and 10 g of gelatin A and maintained at 50 - 00 C. 2 
e ot Span SO was weighed into a heaker and 2no ml. ot soya oil was 
added. The resultant was mixed and heated i<> 40 C The ITH 
chitosan gelatin solution was added and emulsiOed at 1000 rpm tor 10 
Inm - using a Ileidojph stirrei luted with a l<- m hk u l r Miner arm 
maintaining the temperature a: 40 O The heaker was rransierred to an 



WO 98/30207 ^ ^ PC'T/<;B«>8/00108 



uv i)atl1 birring continued at 100 rpin until the temperature had 

dropped in below IO C 1 he stirring speed was reduced to 500 rpm and 
1M) niL ot chilled acetone was added to the emulsion at 5 mL/min, 
followed by centrifugation at 3000 rpm tor 10 mm. The supernatant was 
discarded and the pellet resuspended m acetone. The microspheres were 
recovered by vacuum f iltration and washed with 50 ml., of chilled acetone. 
The filter cake was allowed to dry, the microspheres placed in 50 mL of" 
acetone in a screw capped bottle containing a magnetic stirrer and stirred 
overnight. The microspheres were vacuum filtered and dried in a 
dissector. 



She ep stud y 

The PTH gelaun/chitosan microsphere formulation was administered 
nasally to a group of 6 sheep using bluelme silicomsed tubes at a PTH 

\> dose of 4 ug/kg. As a comparison, the same group of sheep was also 
administered the same dose of PTH in saline and in saline containing 
0.5 c t chuosan glutamate. Blood samples were collected at specified time 
points from the cannulated external jugular veins and plasma PTH 
concentrations measured. The mean changes in plasma PTH 

20 concentration with time for the three formulations are shown in Figure 6 
It can be seen that the plasma PTH is significantly higher for the gelatin in 
chitosan microsphere formulation <C, im = 2.5 ng/niL) as compared to the 
chuosan solution formulation <C m<tx -= 0.25 ngonlo and the control PTH 
solution ( ( \. , =- 0 ng/mL). 
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■•ample i" 



i >,'!<■: mi nay M.Lo! MlilLM^.'i _A\ .! I .]« 1 !<.>i t'ii: 




'la.liii \ Ml,!' '^Jlhei e^ .and 


M'-r .^pra\ I >r ilhI ( "IiitoMin M ici * ^pher e^ 


.Sea J_.m 


e < i2 i<)i 


\ kiiiuvn weight (see below) of chitosan 


gelatin 


microspheres, [prepared as 


ip. Pxamplc 2. was carefully poured mt< 


> a h) 111 


L measuring c\ Imder and 


the volume recorded (poured volume 


The 


measuring c_v lindcr w as 


lapped (onto the bench) 50 times and the volume of the chitosan gelatin 


microspiicres again recorded napped \ 


olume > 


r he measurement was 


carried out m triplicate. 






Weight Poured Poured 


i apped 


i apped I lausne 


Volacm ) Denag cm i 


\ obtcm 


1 Den. ( g em > Ratu > 


2.24S1 7.3 0.3079 


5.8 


0.387ft 1.20 


2.30SO 7.0 0.31 K) 


0.0 


0.3947 1.27 


2.3220 7.5 0.3090 


0. 1 


0.3807 1 .23 



Hausuer Ratio < chitosan gelatin microspheres) -- 1.25 (good How 
properties > 

A known weight (see below) of spray dried chitosan microparticles (Sea 
Cure G210; Pronova) was carefully poured into a 10 niL measuring 
cylinder and the volume recorded (poured volume). The measuring 
cylinder was tapped (onto the bench) 50 limes and the volume of the 
chitosan again recorded dapped volume). 'I he measurement was carried 
' >u( in trip! icate. 
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> > L I V_ 1 H 1 milLU I Olllul J ,1 p |K u 


lapped 


1 lausiu 


\ 1 a i 1 ' ? 1 1 1 1 1 » k t 1 111 1 ' 1 "» 1 1 \ . 1 i > I ^ 1 

\ < M .( L 1 11 1 I^LllMLl'Llll 1 \ tM.lLlll 


) Den . i g/cm > 


Rain ) 


1.56(W 9.0 0.1734 4 1 


0.3807 


2.20 


1.4728 8.5 0.1733 3.8 


0.3876 


2.24 


1.4004 8.0 0.1751 3.0 


0.3890 




I KUIM1L 1 I\ a I IO t CI 1 1 LO.Vi 1 1 J — ^ . . ( \ C I \ I K X ) I I 1 0 W 


properties ) 




bxamnle 1 1 






Determination of Auuie of Repose for (Tiiosan 


Cielatin A Micros 


^.lleTCs 


and for Spra\ Dried Clutosan Microspheres * Sea ( 


mv ( i210) 




The Angle ot Repose it)) was determined in 


pouring about 3 


g o| 



chitosaii'gelatin microspheres, {prepared as in Lxample 2. through a tunnel 
(held at a fixed height) onto a piece of graph paper until a cone was 
formed. The height (ID and the radius (R) ot the cone were determined 
and the Angle calculated dan 0 ~ H/R>. The measurement was earned 
out in triplicate. 

Mean Height 10 mm 
Mean Radius 18 mm 

Angle of Repose ( clutosan 'gelatin microspheres) 2 ( ) ojood How 
properties) 

The Angle o] Repose o)) was determined bv pourme about 3 e of spray 
dried clutosan nneroparucles (Sea Cure G21M. l ) rono\a) thnuieh a funnel 
(held al a lixed height > onto a piece o! graph paper until a cone was 
formed. The height (ID and the radius iki <T the cone were determined 
and the Angle calculated dan d .. 11 R> The measurement was earned 
< nit in tnpl icate 



HO *>8.302<r 



l*( i (,IHS (ll)I(IS 



Mean 1 ieicht nun 
Mean Radius - 24 mm 

Alible ot Rcp.^e ichiiosaio - 1m o.ei\ pool ilov. properties), 
hwam pic 1 2 

D etermina tio n ol die k licet ,_^t LWjjJ M icn^phcrc^ai tlic Absorphonoi 
In suli n 

Microspheres were prepared as in Hxanipic 2 with the final concentration 
"I" insulin in the microspheres heme 2.oo . 44) f '/ . 5._v; . 7.7'; and 14 40' 

I he microspheres were administered nasally to groups of 4 sheep with a 
tixed dose of 1 H 1 insulin, ky and 2.0. 1.0. 0.75. 0.5 and 0.25 mwki: () f 
eclatin chitosan microspheres as described in l:\ample S. The mean 
chanyes in plasma glucose level expressed as AUC are oiven in Figure 7. 
It can he seen that the eifeet of the eelatm chitosan microspheres on the 
AUC is no different whether 2.0 my kg or down to 0.25 mwkc ol 
microspheres are administered with a constant dose ot insulin. 

bxam ple 1 3 

HJicc Uj f Repea ted^Xdmm i sjra t ion .oj Xiekuni V( _l_itnsan .^erospJiej es_j)n 
1 Mas ma Ins ul in Level 

< ielatin/chitosan insulin microspheres were prepared as m hxamplc 2 
I he microspheres and a chitosan solution tormulation. prepared as in 
Lxamplc S. were administered nasalb to ymups ol 4 sheep once dailv lor 
r> consecuiive days. A SC injection <>l insulin solution was civen io the 
linrd ernup ol sheep t<u li\e consecutive da\ s Plasma insulin lcvch- 
expressed as APC arc et\cn in I ivtue S h ean he seen that the AMC 



WO 98/30207 ^ 

»'CT/<;iW8/0010S 

,,hl; "" al ,,w ll; '> '■■ ^"'^'enilv I,,,!,,,- ,,„ „ 1L . .daniuhnus;,,. 

microsphere I, .nmilaii. ... as compared lo .he clmosan snluuon ,, u nmiauon 
ll can also he seen mat .he AlK's ob.atncd „„ .he In, consecuttvc davs 
are similar tor .he nasal formulation, thus show,,,, a consts.em and 
rcpmdueihle cMcct. whereas a certain accumulattve elteet ean he seen lor 
the SC repeated injection. 
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( lainis 

1 A composition comprising a mi x tl u- u dmosan and P , pc a. catiomc. 

gelatin together with a therapeutic agent 

2 A compo>iiion as claimed m Claim ! wherein the composition is in the 
form ot micropaniclcs. 

3 A composition a, claimed m Claim 1 or ("Maim 2. wherein the 
therapeutic agent is incorporated into me particle^ during production, 
adsorbed to the stirtace ot the particles, or is present as an admixture. 

4. A composition as claimed in Claim 2 or Claim 3. wherein the 
micropaniclcs are microspheres. 

j. A composition as claimed in aire one ot the preceding claims, wherein 
the composition is suitable tor delivery ot a therapeutic agent across a 
mucosal membrane into the svstemic circulation. 

b. A composition as claimed in any one ot the preceding claims, wherein 
the ehitosan has a molecular weight greater than 4000 Dalton. 

A A composition as claimed in Claim 'v wherein the ehitosan has a 
molecular weight in the range 23,000 [ t) 2.0003)00 Dalton. 

S A composition a- claimed in Claim A wherein the ehitosan has a 
molecular weight in the lanec 303»on - : o'.()i)fi Dalton 
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C \ ownpnMtK.n as claimed in air. <>ne -1 -he puvedme v ianii w Herein 
the chiiosan is a deri\au\e. which deri\ati\c is formed hv bnndme <>i ac\l 
«»r aikvl croups with (lie hydroxy! moieties of die chiiosan. 

10. A composition as in claimed in any one Claims I to S. wherein the 



phosphates, sulphates, hydrochloride. cJutamatcs. lactate or acetate. 

11. A composition as claimed in any one of Claims 2 to 11), wherein the 
microparticles are produced by spray dry me. cmuisification. »| vent 
e\aporaLmn or precipitation. 

12. A composition as claimed in any one of the preceding claims, 
wiierein the chuosan has a degree of deacetylation ol greater than 40 '7 . 



13. A composition as claimed in Claim 12. wherein the decree of 
deacetylation is between 50 and 9SC . 

14. A composition as claimed in Claim 13. wherein the decree ot 
deacetylation is between 70 and 90C . 

15. A composition as claimed in any one of Claims 2 to 14 wherein the 
microparticles have a diameter of between i 2of) urn. 

lo. A composition as claimed in Claim 15. wherein the diameter is 

between 1 - 100 urn. 

17. A composition as claimed in an\ of the piccedine claims, wiierein the 
composition comprises beiween so and OS ." lV j V \ -(Jatin 



chiiosan is 



the torm ot a salt selected from the group nitrates 
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> \ ,s anp< ^itn »n , AuiKsi ii, ( Kim: i . , [|. . ., M: 

comprises between " and >o ' ot type \ celami 

A composition a-* claimed in am one ni ;he preccdme ciaum- v. herein 
ihe therapeutic agent is a polar drim 1 

20. A composition ;h. claimed in any one ot the preceding claims, wherein 
the iherapeutie agent is a pnl\ 'peptide. 

21. A eonipoMtion a-- elaiined m (.'lawn 2'C wherein die therapeutic aeein 
is selected from the -roup insulin, calcitonin, lutemisme hormone 
releasing hormone, growth hormone or a growth hormone releasing 
factor. 

22. A composition a> claimed in any one of Claims 1 to 1 C C wherein the 
therapeutic agent is an analgesic agent or a drug lor the treatment of 
migraine. 

23. A composition as claimed in any one of (Maims 1 to 1 ( ), w herein the 
therapeutic agent is an antigen intended tor mucosal immunisation. 

24. A composition as claimed in any one of Claims 1 to ls>. wherein the 
therapeutic agent is a gene or gene construct 1 1 ) N A > intended tor the 
uansiection ol cells in the mucosal surface. 

25 A composition as claimed in any one n| die preceding claim-, which 
lunher comprise^ an absorption enhancing aeeni 
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2o. A o>mpi »sii it 'ii as claimed in ( iami 3" w h<-iv ihc ;i t >- . >rpt i< >n cnhancmc 
a^cii! is a phospholipid. 



27. A pharmaceutical foi mukuion in a form suitable for administration to 
a mucosal surtace which comprises a composition as defined in anv one of 
the preceding claims, in a pharmaceutical! v acceptable dosage form. 



28. A formulation as claimed in Claim 27, wherein the mucosal surtace is 
in the nose. 

29 A iormukmon as claimed m Claim 2C w herein the mucosal surtace is 
in buccal caviiv. 



30. A formulation as claimed in Claim 27. wherein the mucosal surface is 
^ in the vagina. 

31. A formulation as claimed in Claim 2". wherein the mucosal surtace is 
in the gastrointestinal tract and the formulation is administered via the 
mouth. 

n 

32. A formulation as claimed in Claim 2C wherein the mucosal surface is 
m the rectum. 

33. A formulation as claimed m Claim 2"\ wherein the mucosal surlace b 
^ in the eve. 



34. A formulation as claimed in Claim 2 
in the iune 



herein tiie mucosal surtace is 
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* ^IlljN It !< ill . .i> Jet 1 II ed (II i MIC 

del med ii: ;ui\ < >nc i>! ( Manns 2^ 
mammal 
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''-ii^ 1 ' i ■ ■ i i 1 i e i . : ! V L J I I e a a e 11 r o a ; 1 1 i ^ 

i' 1 ^' - ■ 'inpr h ' udminiMcrin-.' , : 
1 <: ( fmm i (' ' 2< >. m a h wmulutii ai ;is 
»' > ; A i" a mucosal surlacc . <i said 



3(v A method ol treating a mammalian patient which comprises 
administering a composition, as defined in any one ot ( ".Maims 1 to 2h, or a 
lormulation as deiincd in any one of ( Maims 21 to 34, to such a patient. 

e . A method as claimed in (Mann 3^ wherein the composition „r 
lormulation is delivered in a mucosal surlace. 

38. A method as claimed in any one of (Maims 3? to 37, wherein the 
composition or lormulation is adapted to deliver a therapeutic acwmt across 
a mucosal mcmhranc into the systemic circulation. 

3 ( ). The preparation of type A celaiin ehitosan micropanieles In' a process 
ol spray drying. 

40. The preparation as claimed in (Maim 39. characterised m that the 
micropanieles arc prepared by spray drying a warm mixture of ehitosan 
and yelatin w ith instant cooling of the resultant microparticles. 

Ml. M he preparation oi type A celatm ehitosan micropanieles by 
emulsil icatiou. 
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;J TlK ' preparation as claimed in Claim 4 i . characterised in (hat the 
microparticles arc prepared by warming a solution of a chitosan mixed 
with type A -claim, cmulsil ication and relation In cooling. 



43. The preparation as claimed in Claim 42. characterised m dial the 
chitosan is dissolved in water and mixed with die gelatin under heating lo 
4(C(\ 



44. The preparation as claimed in Claim 42 or Claim 43, characterised m 
that ihe mixture is emulsified at a temperature above the meitima point ol 
the gelatin in an organic medium, in the presence of an emulsilier. 

45. The preparation as claimed in any one ol Claims 42 to 44, 
characterised in that the microparticles arc solidified bv decreasing the 
temperature of the emulsion below 10°C. 



4b. The preparation as claimed in any one of Claims 42 to 45, 
characterised in that the microparticles are harvested bv adding chilled 
acetone to the emulsion, centrifugation, washing and drvint:. 

47. The preparation as claimed in any one of Claims 41 to 4b, 
characterised m that the microparticles further comprise a therapeutic 
agent, which agent is incorporated into the microparticles bv addimc it to 
the mixture before cmulsification. 



4N. The preparation 
characterised in that 
aeeni . w Inch aeent is 



as claimed m anv <ne 
the microparticles further 
adsorbed onto the surlace 



of (Maims 39 m 4f>. 
comprise a therapeutic 
ol the microparticles In 



\V<) 9S M)2i) 
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!UV - ' ' ' • I": 1 - 1 -i d^C- -i- :■ - n-P.-: !■ Mi ■: Mil. I. palM. 1— > n!; [j- 
thcrapcm ic aecni 

I he preparation ,h claniiL-d in an\ one <>t Claims ; W to 4f>. 
diaractensed in ihat the microparucics Uirther comprise a therapeutic 
a^ent. which a^ent is adsorbed onto the surface o] the microparucics h\ 
physical;;. <u" mechanically mixing the dried nmToparticles with the 
therapein ic ayent . 

50. The use ot a composiuon. as delmed in any one of ' Claims 1 to dh. or 
a lornadaiion as delmed m am one ot ( 'lamis. 27 to m m c nunuiacturc 
ot a medicameiu lor usee m the impnned transport ot therapeutic a-enis 
across mucosal surfaces in mammals. 
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Figure 1 
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Figure 3 
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Figure 7 
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